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A broadened disruption prediction and avoidance analysis
IS progressing for ITER and future  tokamaks

¢ Motivation: Disruption prediction/avoidance is a critical need
A highest priority DOE FES (Tier 1) initiative-pr esent fgr an
In tokamak stability research:
A can be done! (JET: < 4% disruptions w/C wall, < 10% w/ITER-like wall)
AITER disruption allowance: < 1 - 2% (energy + E&M loads); << 1% (runaways)

¢ Talk Outline
Disruption Event Characterization and Forecasting (DECAF) review

Present DECAF development and initial multi-device examination (now
iIncluding MAST)

Key related analysis (e.g. long pulse, high beta KSTAR kinetic
equilibrium reconstruction, stability analysis, high non-inductive plasmas)

APr efdicet o TRANSP analysis: 2018/ ¢
NBI system

Summary / next steps
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International collaborative research on disruption
prediction/avoidance expands effort to MAST-U, KSTAR

¢ US DOE supports our efforts

Multi-institutional collaborative grant on KSTAR, new grant on MAST-U

Multi-faceted physics research includes equilibrium, stability, transport,
control, diagnostic hardware elements
Research originated on the NSTX spherical torus

¢ Personnel
Columbia U.:

As.A. Sabbagh* (Lead PI), Y.S. Park, J.H. Ahn*, Y. Jiang* (post-doctoral)
Al.w. Berkery*, J. Bialek (part time); J.D. Riquezes* (Columbia student)
PPPL: S. Scott (~full time, inst. PI), M. Boyer, B. LeBlanc (part time)
MIT/ORISE: E.S. Marmar (inst. Pl), B. Mumgaard

"Speakers presenting at this meeting
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Brief review : the DECAF code automatically computes
events + disruption event chains leading to disruption
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¢ Events (in this chain) - ___________

RWM: resistive wall mode c LON: low density warning ¢ DIS: disruption
VDE: vertical instability ¢ IPR: not meeting |, request
WPC: wall proximity control ¢ LOQ: low g warning
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DECAF reduced kinetic MHD model computations forecast
the instability boundary to unstable  global MHD modes

Norm. growth rate vs. time  Disruption forecasting ,, Predicted instability
10— A 10 O statistics
|
:Aunstable | I 0.8 o
. |
0.5 i ideal : ’:'E 3 106 g (16%)
! X loa B o Instability <
————————————— :— -1 2 2 % positives 320 ms
| < 102 € before
s| & RN Instability | disruption
2] 9, C o= within 100 ms' (44%)
f 21 B 025 of minor
f 21 0O £ - -
| NSTX 1S | < disruption
Lol139514 |V . —04 g (33%)
00 02 04 06 (8 1.0 0O 2 4 6 8 10 8
Time (s) | (we) (kHz)Rolation |
predicted instability ¢ 84% of shots are predicted

44% predicted unstable < 320
ms (approx. 60t ) before
Possible to compute growth rate prediction in real current quench

time c 33% predicted unstable within
J.W. Berkery, S.A. Sabbagh, R. Bell, et al., Phys. Plasmas 24 (2017) 056103 100ms of a minor disruption

Stability contours CHANGE for each time point
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DECAF code and initial successful research/results
IS how advancing to a nhew level

¢ DECAF brief highlights of prior results
First automated event chain analysis (followed deVries6 man u a |
Excellent performance on smaller, targeted databases (NSTX)
ADIS event always found (100%), VDE event appeared in 90% of cases

AComputed events accurately represented experiment (~ 10 events)
APhysics model forecasted global MHD disruptions with ~ 85% reliability

Disruption chains often repeated, e.g.: >RWM> >VDE »>WPC »> IPR >

¢ Recent progress
New DECAF MHD events allow analysis of general databases
Coupling of new physics analysis tools and DECAF events
Multi-machine databases (analysis now starting)
Large database processing with small number of verified events

Very rapid progress on DECAF in these directions occurring day-to-day at the moment
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Progress on DECAF now moving to processing of
multi -machine databases

¢ Analysis

Kinetic Device / KSTAR MAST NSTX DIlI-D TCV
| T Capability
equilibrium
ili Full
/ Stablllty database Yes Yes Yes Yes Yes
analysison | __ (MDSplus) | (UDA) | (MDSplus) | (MDSplus) | (MDSplus)
planned for Database started started started started
MAST analysis
(; DECAF Equilibrium Kinetic + scheduled Kinetic + available
database | 2mabsis MSE Ve
started Stability Ideal, scheduled Ideal, Ideal,
] Resistive kinetic MHD | kinetic MHD
Requires Kinetic MHD ( )
storage of | shot*second 1,886 2,667 (est) 2,000/ year
DECAF s (for kinetic | (2016+2017) (M7,M8, (est)
analysis analysis) M9 runs)

C Aim to bring in JET and C-Mod databases
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Initial analysis of large databases further supports published
result that disruptivity doesnot wmd¢headpseas
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¢ Analysis during |, flat-top
MAST: 8902 plasmas analyzed
NSTX: 4706 plasmas analyzed

1 2 3 4 KSTAR: 750 plasmas analyzed (so far)
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Experiments directly measuring global MHD stability verify
that highest by/l. is not the least stable scenario (NSTX)

Resonant Field Amplification (RFA) measurement of stability

1.5 L ..
' ¢ Non-intuitive stability
AD iIncrease at high b,/I.

o O : decreases up to by/l. = 10,

-% s 1.0+ increases at higher byl

— | E [

nl <

<

nilw .

n| K ¢ Understanding:

Q1 o5 Results consistent
with Kinetic
stabilization theory

_ iInvoking physical
0.0 resonances
5
J. Berkery, et al., PoP 21 (2014) 156112 S. Sabbagh,et al., 2016 EPS Landau-Spitzer Award lecture
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Initial analysis of large databases further supports published
result that disruptivity doesnot wmdipedse
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¢ DECAF analysis of event

Shots analyzed at 10 ms intervals
NEXT STEP: DECAF event chain analysis

¢ Analysis during |, flat-top
MAST: 8902 plasmas analyzed
NSTX: 4706 plasmas analyzed
KSTAR: 750 plasmas analyzed (so far)

Logo (Event Probability)
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DECAF density limit analysis started : global, local density

limits examined, correlation of MHD onset near limits
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¢ Greenwald limit
Approaches 1 near mode lock

—4

¢ Rad. island power balance
Examining utility of this physics
model for disruption warning

See talk by J. Berkery, Wednesday
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More powerful automated MHD event objects have been
developed for DECAF
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DECAF automated MHD events

A >MHD-n3 >
k/ f DOMHD-n2>
\ >I\/IHD-n:1>:
AT EZ~
0.2 0.4 0.6 0.8
time (s)

¢ More capable MHD event objects
required for analysis of wider
tokamak databases

¢ DECAF MHD events now include

Mode number (n) discrimination

Full history of mode evolution,
including bifurcation and locking

Many disruption warning criteria
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New DECAF MHD events utilize history of 15 criteria
to define time evolving disruption warning level

DECAF automated MHD events DECAF fAheat marg
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DECAF MHD warning level e e g
---------------------------------------------- ¢ Initial findings

Clear fisafeo and
MHD appear in warning level

Criterion history of wider range of
plasma parameters improved the
disruption warning reliability C

| Il lustrated by ntFb
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